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Silicon ribbon crystal is expected to be one of the most hopeful materials
to realize low-cost solar ce11s. Most silicon ribbon crystals have, however,

various types of crystal defects, where electrically poor characterist,ics are

often observedir) (2) rt is an effective means to measure the minority carrier
diffusion length in order to study the influence of crystal defects on solar cell
performances. In this paper, experimental results of the dependences of minority
carrier diffusion Iength on crystat d.efects and also on majority carrier density,
will be described. The results indicate that high quality silicon ribbon solar
cells can be obtained using higher carrier density base materials.

The specimens used in the experiments were fabricated from As-doped n-type

silicon ribbon crystals, which were grown by pulling vertically from a thin sheet

of molten silicon i-n a gap between a pair of carbon aice!1)
The diffusion lengths were measured using a scanning electron microscope.

Electron beam was focused on the cleaved surface of the p-n type solar cell.
Electron beam induced current (EBIC) , Ie, was measured as a function of distance

x between impinging beam and p-n junction, and effective diffusion len9th L"r,
was calcuLated using the equation I"ocexp(-x/L.rr). Bulk hole diffusion length

Ln was estimated according to the .qrr.tiorr(3)

"?.rr = rf tr-exe F /Lp) I

where I is electron beam penetration depth, which depends on the accelerating

voltage V of the electron beam. This equation was deduced by assuming that

surface recombination velocity was infinite in the case of silicon ribbon crystals.

Figure I shows the measured I"-x characteristics of the ribbon crystai of n=3.0x

1016 
"*-3. 

L^ was estimated at 11.1, 10.8 and 11.3;mr corresponding to y=20, 25p

and 30 kV, respectively. Estimated Ln values are in good agreement with each

other, which verifies the above-mentioned assumption.

Figure 2 shows secondary electron (SE) and EBrC images of the silicon ribbon

solar cell cleaved surface. Irregular borrnd.ry(1) was observed at the region

where the white band of the EBIC image is narrowed in the figure. Diffusion

lengths were measured at regions with and without the irregular boundary. Results

are shown in Fig.3. At irregular boundary, hole diffusion length Ln is reduced

by a factor of more than 2, which shows that irregular boundar.ies degrade sol-ar
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cell Performances-

The dependence of Ln on carrier density was investigated for the specimens

which contained no appreciable crystal deiects. Figure 4 shows the results

*i t.han n^rcr:l | ',f l.7x1015t" 1.0x1017 "*-3 ' 
As isobtained for the ribbon crystals in the range.of I.'/xr0 -'vI.u)

seen in the figure, Ln has no appreciable dependence on electron density' Hole

diffusion length in ribbon crystals is considered to be affected more by bulk

crystal characteristics such as dislocation density' This result indicates that

photocurrent is almost independent of electron dendity, therefore ribbon crystals

with hiqher electron density are preferable to obtain higher quality solar cells'

The solar cell of the dimension 2x10 cm with the efficiency of 11'1 I at AIt{2

condition, was rearized using n-type silicon ribbon crystal of n=I'0xto17 t*-3'

The authors wish to thank T. Matsui, H. Ito and N' Maki for the preparation

of ribbon crystals, and M. Mochizuki for technical assistance in sample

preparations.
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